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ABSTRACT

In eastern North America, surface exposures of Triassic

basins extend from Nova Scotia southwestward to South

Carolina. This interrupted series of half-grabens resulted

from early Mesozoic rifting of the supercontinent Pangaea.

In south-central North Carolina, the Deep River basin is

comprised of the Durham subbasin, the Colon cross-structure,

the Sandford subbasin, the Pekin cross structure, and the

Wadesboro subbasin. Deposits within the Durham subbasin

are recognized as the Chatham Group, part of the Newark
Supergroup and form part of a series informally designated

as Lithofaeies Association II. These strata are considered

to be alternating fluvial and lacustrine sediments. Though
research on the vertebrate fauna from this lithofaeies has

been ongoing for over a century, considerably less research,

particularly in North Carolina, has been done on the lacus-

trine invertebrate fauna.

Ongoing field work at a brick-clay quarry in tire village of

Genlee, Durham County, North Carolina, has yielded three

distinct forms of Triassic freshwater bivalves, one is considered

here to be of the order Unionoida and the others tentatively

a mytiloid in shell outline and a sphaeriid in shell outline.

The unionoid specimens are assigned to Triaslacus new genus

and Triaslacus carolinesis new species and are tentatively

assigned to the Unionidae. These new specimens are compared
with specimens described as belonging to the unionoid fami-

lies Unionidae, Hyriidae, and Mulleriidae [ + Myeetopodidae]

from Massachusetts and Pennsylvania. However, none of the

North Carolina specimens exhibit the umbonal sculpture

exhibited by the northeastern specimens. The North Carolina

unionoid specimens lack any evidence of hinge development

or umbonal sculpture.

Non-unionoid bivalves are quite rare in these deposits.

The bivalve fauna is found in association with ostracods of

the genus Darwinula; clam shrimp, Euestheria, represented

by carbonized impressions of the shells; and fish and plant

remains. This freshwater environment is preserved in a mud-
stone or clayey siltstone sediments.

Additional keywords: Unionida, Uniomorphi, Newark Supergroup

INTRODUCTION

Freshwater bivalves in the Order Unionida have been

placed in the Cohort Uniomorphi (=Paleoheterodonta),

based on shell characters used to identify the sister rela-

tionship of Trigonida and Unionida (Weir, 1969; Bieler

et al., 2010; Carter et al., 2011). Trigonida and Unionida

are considered sister taxa in the Uniomorphi based ini-

tially on shell morphology and the presence of nacre.

This relationship is supported by DNAanalyses (Hoeh
et ah, 1998; Hoeh et ah, 2001; Giribet and Wheeler,

2002; Taylor et ah, 2007).

Subdivision of the Unionida lias varied over the past

hundred years from a single family to six modern fami-

lies and various included fossil groups (e.g., Haas, 1969;

Starobogatov, 1970; Carter et ah, 2011). Taxonomic place-

ment of fossil freshwater bivalves in modern extant fami-

lies and genera is not supported. This practice is fraught

with problems of convergence of shell morphology
(Ortmann, 1912; Prashad, 1931; Hartman and Bogan,

2009). Allocations of bivalve taxa discussed here are

based on shell shape and morphology and are consid r

ered tentative until there is a phylogenetic analysis of

the modern and fossil Unionida.

History of North American bivalve fossils assigned

to the Order Unionida was summarized by Henderson

(1935) and more recently reviewed by Watters (2001).

Triassic freshwater bivalves described from the eastern

United States are primarily from Pennsylvania and
Massachusetts (Table 1). North American Triassic fresh-

water bivalves described from the southwestern United

States including Texas, New Mexico, Arizona, California,

and Utah, are assigned to Unionidae and Hyriidae

(Good, 1998).

Pilsbry (1921, 1926) placed the Triassic freshwater

bivalve taxa from the northeastern United States in

the modern South American families Mycetopodidae

based on similarity of shell shape to the modern genus
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Table 1. List of freshwater bivalves from the Triassic of the

eastern United States.

Mulleriidae (+Mycetopodidae)
Mycepoda? diliculi Pilsbry in Wanner, 1921, Pennsylvania

Ilyriidae

Diplodon borealis Pilsbry in Wanner, 1921; Pilsbry,

1926, Pennsylvania

Diplodon carolus-simpsoni Pilsbry in Wanner,

1921, Pennsylvania

Diplodon pennsylvanicus Pilsbry in Wanner,

1921 . Pennsylvania

Diplodon wanneri Pilsbry in Wanner, 1921, Pennsylvania

Diplodon yorkensis Pilsbry, in Wanner, 1921 Richards

1944, Pennsylvania

Unionidae
Unio emersoni Troxell, 1914, Massachusetts

Anoplopliora wilbrahamensis Emerson, 1900, Massachusetts

[moved to Unio by Lull, 1915]

Unionidae sp. Bain and Harvey, 1977; Good, 1995a; Good,

1995b, North Carolina

Trace fossils (Lull, 1915, as Mollusks?; Henderson, 1935,

as freshwater mussel trails).

Bisulcus undulatus Hitchcock, 1865, Massachusetts

Trisulcus laqueatus Hitchcock, 1S65, Massachusetts

Mycetopoda, and Ilyriidae based on radial umbo sculpture,

similar to the modern genus Diplodon. Remaining taxa

were described or moved to the genus Unio and assumed
to belong in the family Unionidae.

Two trace fossils described by Hitchcock (1865)

Bisulcus undulatus Hitchcock, 1865 and Trisulcus

laqueatus Hitchcock, 1865, both from Massachusetts,

were described as annelids. Trisulcus was listed as a

worm track by Lesley (1890), who failed to list Bisulcus.

Lull (1915, 1917) placed them in Mollusca? noting they

differ from worms in being multiple-, double-, or triple-

ridged trails. Both of these taxa were listed as possible

tracks of freshwater mussels but with no further elabo-

ration by Henderson (1935). There is some doubt that

these represent tracks of freshwater mussels and not

some other invertebrate.

GEOLOGICALSETTING

The Deep River Basin, located in east-central North

Carolina, resulted from early Mesozoic rifting of the

supercontinent Pangaea (Clark et ah, 2001). This north

to northeast-trending half graben is about 226 km long

and averages about 16 km in width (Bain and Harvey,

1977). Deposits of the Deep River Basin consist of varying

amounts of conglomerate, sandstone, siltstone, claystone,

shale, coal, and small amounts of limestone and chert

(Clark et ah, 2001). These deposits are recognized as the

Chatham Group, part of the Newark Supergroup as

defined by Olsen (1978) and Luttrell (1989). The Deep
River Basin is bordered on the east by the Jonesboro fault,

a west-dipping, high-angle normal fault (Campbell and

Kimball, 1923). The Jonesboro fault separates Triassic

sedimentary rocks of the basin from the Raleigh meta-

morphic belt and Carolina zone metavolcanics and
metasediments (Clark et ah, 2001). Minor faults form
the basin's western border, where Triassic sedimen-

tary rocks unconformably overlie Late Proterozoic and
Cambrian metavolcanic and metasedimentary rocks

(NCGS, 1985). Several minor faults have also been
recognized throughout the basin. Lrom north to south,

the Deep River Basin is traditionally divided into four sub-

structures: Durham subbasin. Colon cross-structure,

Sanford subbasin, and the Wadesboro subbasin (Bain

and Harvey, 1977). Some workers also recognize The
Pekin cross structure between the Sanford and
Wadesboro Basins (Clark et ah, 2001).

Bivalves described herein were recovered by North

Carolina Museum of Natural Sciences research staff

and volunteers in the late 1990s and early 2000s from

a brick/clay quarry in Durham County, North Carolina

(Figure 1). The quarry is located in the northeast

corner of the Green Level 7.5-minute Quadrangle at

35°52'14. 12" N latitude and 78° 53'51.77" Wlongi-

tude (coordinates are from Acme Mapper 2.0 http://

mapper.acme.com/ on June 10, 2012 using WGS84) in

the Ullage of Genlee, Durham County, North Carolina

(Olsen and Huber, 1997). Strata in this quarry occur

in the south-central part of the Durham subbasin of

the Deep River Basin (Chatham Group of the Newark
Supergroup) (Sues et ah, 2003a), and form part of a

series informally designated as Litho facies Association II

(Hoffman and Gallagher, 1989). Kozur and Weems
(2007) placed this lithofacies in the Sanford Forma-

tion. The main quarry exposes about 60 m of red,

purple and gray fissile to bioturbated massive mud-
stones interbedded with gray, brown and red arkosic

sandstones (Olsen and Huber, 1997) and are considered

by Hoffman and Gallagher (1989) to be a series of

alternating fluvial and lacustrine facies. The recovery

of the vertebrate Aetosaurus from the quarry provides

a Norian age for the local section (Lucas et ah, 1998).

However, using conchostracan biostragraphy, Kozur and

Weems (2007) determined a latest Tuvalian (Carnian)

age for the section. As the eonehostracans and unionoid

bivalves come from layers well below the layers con-

taining the vertebrates, it is possible that quarry sedi-

ments straddle the Carnian/Norian boundary.

A modified version of the exposed section at the

quarry is given in Olsen and Huber (1997, fig. 3) and

earlier versions of the section are given in Olsen (1977)

and Olsen et ah (1989, 1991). From the fluvial facies

of this quarry, Parker (1966) and Lucas et ah (1998)

described a partial articulated skeleton of Aetosaurus

(—Stegomus ). Sues et ah (2003b) also reported an

articulated rauisuchian, Postosuchus sp., with gut con-

tents consisting of a partial skeleton of Aetosaurus

(—Stegomus), limb bones of a juvenile traversodont, a

partial dicynodont digit and a dermal bone of an inde-

terminate temnospondyl from one of the fluvial facies.

Also, from that same lithofacies, beneath the torso of
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Figure 1-6. Freshwater bivalves from the mid Late Triassic rift lakes of eastern North Carolina Triangle. 1. Brick Quarry,

Carpenter Plant brick pit. 2. Triaslacus carolinesis holotype, NCSM9169A, total shell length is 10.54 mm. 3. Triaslacus carolinesis,

partaypes, NCSM10781, internal mold. Total shell length = 9.74 mm. 4. Triaslacus carolinesis, specimen NCSM11156, Cedar
Run, Virginia. Total shell length = 8.94 mm. 5. Possible Snhaeriidae? NCSM10525. 6. Possible Mvtilidae? NCSM10520.

crayfish; fragmentary and articulated fish; occasional

phytosaur teeth; and coprolites (Olsen and Huber,

1997). Also found in association with the bivalves, are

conchostraeans described by Kozur and Weems(2007)

as Euestheria buravasi, Euestheria sp. cf. E. lmusmanni ,

and Anijuanestheria ? new species.

the rauisuchian. Sues et al. (2003a) described an articu-

lated skeleton of sphenosuchian crocodylomorph,

Dromicosuchus grallator. The bivalves described herein

come from one of the lower lacustrine facies. Faunal

elements formyl in association with the bivalves include

darwinulid ostracodes; the trace fossil Scouenia

;

cambarid
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MATERIALSANDMETHODS

All specimens used in this description are housed in

the North Carolina State Museum of Natural Sciences,

Invertebrate Paleontology section, herein abbreviated

NCSM.
Shell measurements were made to the nearest milli-

meter using digital calipers and included total length and

height. Total length was defined as distance between

anterior and posterior margins, measured parallel to the

hinge line. Shell height is distance between dorsal and

ventral margins, measured near the midpoint of the

hinge line, perpendicular to shell length.

SYSTEMATICPALEONTOLOGY

Class Bivalvia

Cohort Uniomorphi (=Palaeoheterodonta of authors)

Order Unionoida

Family cf. Unionidae

Genus Triaslacus new genus

Type Species: Triaslacus carolinensis new species

Diagnosis: A small edentulous freshwater bivalve, oval

in outline, lacking any umbonal sculpture.

Description: Triaslacus is distinguished from other

fossil unionoid species by a combination of the follow-

ing characteristics: Apparently thin, somewhat inflated,

shell, elliptical outline; hinge teeth absent; umbo only

slightly elevated above hinge line; umbo sculpture is

absent. Triaslacus can be distinguished from other Triassic

bivalves from northeastern United States assigned to the

Unionida by the following combination of characters.

It differs in shell shape from the elongate shell shape

assigned to Mulleriidae or the more rectangular shape

of species assigned to the Hvriidae. Triaslacus appear to

have a smooth umbo at or only slightly above the hinge

line, while other Triassic bivalve taxa have radial umbonal
sculpture and are assigned to the Hvriidae. Triaslacus

appears to be edentulous.

Distribution: Known from the Late Triassic rift lake

deposits in North Carolina and Virginia.

Etymology: The genus name Triaslacus stands for the

Triassic lake deposits vdrere it was collected.

Triaslacus carolinensis new species

(Figures 2-4)

Unionidae sp. —Bain and Han ey, 1977;

Good 1995a; 1995b.

Diagnosis: Triaslacus carolinensis is distinguished

from all other knowm Late Triassic unionoid bivalves

occurring along the east coast of North America by the

oval shell outline in contrast to the elongate shell in

species of Mycetopoda

.

It lacks the radial umbonal sculp-

ture of Diploclon species and does not have the square

shell outline of Unio emersoni.

Description: Length to 12.8 mm, height to 7.5 mm;
shell thin, moderately inflated, outline oval. Posterior

margin narrowly rounded to bluntly pointed. Anterior

margin broadly rounded. Dorsal margin straight. Ven-

tral margin convex. Posterior ridge rounded. Posterior

slope moderately steep. Umbobroad, moderately inflated,

barely elevated above hinge line. Umbosculpture absent.

Pseudocardinal and lateral hinge teeth absent. Umbo
cavity wide, shallow.

Comparison with Similar Species: Triaslacus

carolinesis shells do not resemble the shell referred

to as Mycepoda ? dilicidi Pilsbry in Wanner, 1921and

placed in the Mycetopodidae, which is nowadays con-

sidered to be restricted to South America. Triaslacus

carolinesis does not have the radial umbonal sculpture of

those taxa referred to the genus Diplodon (Table 1) and,

by extension, to the family Hyriidae, today restricted

to South America, Australia, New Zealand, and New
Guinea. Diplodon carolussimpsoni from Pennsylvania

is more rectangular in shell shape and has 'a well-

marked posterior ridge. Unio emersoni is more elongate

is shell outline, larger in maximum shell length and

possess large hinge teeth, while Triaslacus carolinesis

is smaller in size, more oval in shell outline and is

edentulous. Anoplophora wilbrahamensis is more elon-

gate oval in outline, larger in maximum shell length

than Triaslacus carolinesis and has a long lateral tooth,

while T. carolinesis is edentulous.

Type Material: Holotype, NCSM9169, internal mold,

both valves. Paratypes, NCSM10747, negative relief;

NCSM10757, NCSM10760, cluster; NCSM10767,

negative relief; NCSM10769, NCSM10778, positive

relief; NCSM 10781, positive relief; NCSM 10790,

positive relief. All from the type locality.

Type Locality: United States, North Carolina, Durham-
Wake County, Triangle Brick, Carpenter Plant in the

village of Genlee. Northeast corner of the Green

Level 7.5' quadrangle at 35° 52' 14.12" N latitude and
78°53 / 51.77" Wlongitude (coordinates are from Acme
Mapper 2.0 http://mapper.acme.com/ on June 10, 2012)

(Figure 1).

Other Material Examined: United States, North

Carolina, Durham-Wake counties, Triangle Brick,

Carpenter Plant: NCSM5035.1-5035.9 all positive/

negative; NCSM5036, 38 specimens; NCSM5037.1-

5037.9, some are both positive/negative; NCSM6135,

total of 7 specimens; NCSM 10745-10746; NCSM
10748-10756; NCSM 10758-10759; NCSM 10761-

10766; NCSM 10768; NCSM10770-10780; NCSM
10782-10788; NCSM 10791; NCSM 10794-10818;

United States, Virginia, Fauquier County, Carriage
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Ford, Nokesville. Collector: Robert Weemscoll. NCSM
11132-11139; United States, Virginia, Hanover County,

Stagg Creek transect, Taylorsville Basin, Hannover
Academy Quadrangle, Robert Weems coll.; NCSM
11140-11150; United States, Virginia, Fauquier County,

Cedar Run. Catlett Quadrangle, Robert Weems coll.,

NCSM11151-11158

Etymology: The species is named for the state of

North Carolina, where the species was first collected.

Distribution: Triangle Brick Quarry Carpenter Plant,

Gen Fee, Durham-Wake County, North Carolina.

Carriage Ford, Nokesville, Fauquier County, Virginia.

Stagg Creek transect, Taylorsville Basin, Hannover Acad-

emy Quadrangle, Hanover County, Virginia and Cedar

Run, Catlett Quadrangle, Fauquier County, Virginia.

Stratigraphy: Mid Fate Triassie (Carnian-Norian

Stage interval) Newark Supergroup, Lithofacies II.

Habitat: Triaslacus carolinesis is found in similar

sedimentary deposits bearing similar associated faunal

elements in Durham County North Carolina, and Fauquier

County, Virginia. Good (1995a, b) suggested the small or

“dwarfed” size of the unionoid is due to “environmental

conditions not optimum for this group, probably indi-

cating a deep water lacustrine habitat.” Small shell size

is common in modern unionoids and some species are

found at depths over 15 m and they are not dwarfed

(Bailey and Green, 1989). The lake environment was likely

rather shallow and soft bottomed, containing aquatic

vegetation, associated fish, ostracods and clamshrimp.

The latter species is found in lacustrine facies sug-

gesting soft-bottomed deposits in quiet water similar

to habits of the common modern thin-shelled eastern

North American anodontine, Utterbackia imbecillis

(Say, 1829).

Order Cardiida?

Family Sphaeriidae?
(Figure 5)

Description: Shell almost round in outline with some
valve inflation, reminiscent of modern Sphaeriidae,

None of the specimens have exposed hinge plates

that would allow for family level confirmation (see

Mackie, 2007).

Habitat: Sphaeriids occur today throughout the world

in freshwater habitats similar to those described here

for Lithofacies II.

Geologic History: Keen (1969) lists Late Jurassic? as

the oldest record for the family Sphaeriidae. II cor-

rectly identified, this record would extend the geologic

range of the family back to the Late Triassie.

Material Examined: NCSM 10521-10524, 10819,

I 1 157, 11158, from Lithofacies II, Triangle Brick Quarry
Carpenter Plant, Gen Lee, Durham-Wake County,

North Carolina and Cedar Run, Catlett Quadrangle,

Fauquier County, Virginia NCSM1 1157—11 160. Speci-

mens 1 1 157 and 1 1 158 also have Triaslacus on the

same block.

Cohort Mytilomorphi
Order Mvtilida?

Family Mvtilidae?

(Figure 6)

Description: Specimens with a mvtilid shell shape,

with umbo area very anterior and a rather elongate oval

shape are tentatively referred to Mytilidae.

Geologic History: This family is reported as occur-

ring from the Devonian to the Recent (Soot-Ryen, 1969).

Material Examined: NCSM10520, 10820-10822,

Lithofacies II, Triangle Brick Quarry Carpenter Plant,

Gen Lee, Durham-Wake County, North Carolina.

Remarks: Pilsbry (1926) described Naiaclites tnassicus

Pilsbry in Wanner, 1926 and Naiaclites wanneri Pilsbry in

Wanner, 1926, recognizing that this genus was known
from the Coal Measures [Upper Carboniferous] of Nova
Scotia and far earlier than the Triassie deposits these

specimens were collected. Weir ( 1969) placed Naiaclites

in the family Myalinidae.

Good (1995a, b) claimed that the identification of

the small associated bivalves from these deposits are

non-marine Myalinidae. As Good pointed out, they are

not Cyrenidae (+ Corbiculidae), but some appear to

resemble Mytilidae (Figure 6) and others Sphaeriidae

(Figure 5). This does not, as yet [?], call for a Lazarus dis-

tribution between the Pennsylvanian and the Late Triassie.

DISCUSSION

Freshwater bivalves from the Durham subbasin and

the Taylorsville Basin of Virginia are described here as a

new genus and species of freshwater bivalve tentatively

assigned to the family Unionidae. Triaslacus carolinesis

differs from the Triassie freshwater bivalves described

from Connecticut, Massachusetts, and Pennsylvania in

shell outline, inflation and umbonal sculpture. Triaslacus

carolinesis is only tentatively assigned to the Unionidae

based on the shell outline, lack of radial umbonal sculp-

ture and lack of hinge teeth. The ambiguity of family

assignment is due to rampant shell shape convergence

or shell homeomorphy in freshwater bivalves (Ortmann,

1912; Prashad, 1931; Watters, 1994)).

White (1907), writing on the origin of the North

American fossil freshwater bivalve fauna before the

work of Pilsbry (1921), felt that the modern unionoid

fauna was probably derived from the Triassie fauna of

the southwestern United States.

Pilsbry (1921) described Triassie freshwater bivalves

for the northeast United States and suggested that this

fauna is composed of taxa assigned to the modern families
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Hyriidae and Mycetopodidae and suggested that proba-

bly all of the North American fossil Triassic freshwater

bivalves were related to the South American fauna. He
felt the hyriid mussels would have disappeared with the

migration of "Old World forms in the Upper Trias

or Jurassic’

.

Parodiz (1969) followed this line of reasoning and
claimed the Hyriidae of the Triassic of North America
migrated into South America in the Paleocene.

The evolution of freshwater bivalves in North America
has most recently been summarized by Watters (2001),

who agreed that Hyriidae occurred in North America

in the Triassic. However, Watters does raise the problem
of convergence in shell sculpture and notes the lack

of shell characters to separate these fossils from the

modern Hyriidae.

One of the five major extinction events occurred at

the end of Triassic. Timing and extent of this extinction

event is controversial, catastrophic vs. gradual (e.g. Olsen

et ah, 1987; Palfy et ah, 2000; Hallam, 2002; Tanner

et ah, 2004; Deenen et ah, 2010). Taking into consider-

ation terrestrial extinctions at the end of the Triassic and

the expanding rift zone along eastern North America,

animals living in these rift lakes appear to have been

slated for extinction. Triassic freshwater bivalves col-

lected from the rift lakes of the eastern United States

most likely represent an extinct radiation and as such,

may not have any relation to the currently recognized

six families in the Unionida and may not represent the

origin of any of the modern Unionida families.

ACKNOWLEDGMENTS

Wewant to thank Richard Chandler for his assistance

with bivalve and conchostracan photography; Vince

Schneider for assistance with field photography; Rob
Weems for assistance with conchostracan photography;

Vince Schneider, Verne Lee, Heniy Rust, Valeria Rice,

John Adams, Rob Weems and Heinz Kozur are all

acknowledge for field assistance; Earle E. Spamer,

formerly with the Academy of Natural Sciences,

Philadelphia, PA, assisted with the location of other

Triassic unionoid specimens in Academy’s collections.

Mary Dejong, formerly with the American Museum of

Natural History for assistance with literature. Cindy
Bogan reviewed and commented on a draft of the

manuscript. Dr. Joseph Hartman is acknowledged for

his very thorough review and thoughtful comments.

LITERATURE CITED

Bailey, R.C. and R.H. Green. 1989. Spatial and temporal varia-

tion in a population of freshwater mussels in Shell Lake,

N.W.T. Canadian Journal of Fisheries and Aquatic Sci-

ences 46: 1392-1395.

Bain, G.L. and B.W. Harvey (eds.) 1977. Field guide to the

geology of the Durham Triassic basin: Carolina Geological

Society Fortieth Annual Meeting 7-9 October 1977:

North Carolina Department of Natural Resources and
Community Development, Division of Earth Resources,

Geolog)' and Mineral Resources Section, 83 pp.
Bieler, R.. j.G. Carter, and E.V. Coan. 2010. Classification

of Bivalve Families. Pp. 1 13-133, in: Bouehet, P. and
j.-P Rocroi. (2010). Nomenelator of Bivalve Families.

Malacologia, 52(2): 1-184.

Campbell, M.R., and K.W. Kimball. 1923. The Deep River

coal field of North Carolina: North Carolina Geological

and Economic Survey Bulletin 33, 95.

Carter, J.G., C.R. Altaba, L.C. Anderson, R. Araujo, A. S.

Biakov, A. E. Bogan, D C. Campbell. M. Campbell, Chen,

J.
-h., J.C.W. Cope, G. Delvene, H.PI. Dijkstra, Fang,

Z.-j., R.N. Gardner, V.A. Gavrilova, I. A. Goncharova, P.
J.

Harries, J.H. Hartman, M. Hautmann, W. R. Hoeh,

|

Hylleberg, Jiang, B.-y., P. Johnston, L. Kirkendale,

K. Kleemann, [. Koppka, [. Knz, D. Machado, N. Malchus,

A. Marquez-Aliaga, J.-P. Masse, C.A. McRoberts, P. U.

Middelfart, S. Mitchell, L A. Nevesskaja, S. Ozer.
J.

Pojeta,

Jr., I.V. Polubotko,
J.

Maria Pons, S. Popov, T. Sanchez,

A. F. Sartori, R.W. Scott, 14. Sey, J.H. Signorelli, V. V.

Silantiev, P.W. Skelton, T. Steuber, J.B. Waterhouse, G.L.

Wingard, and T. Yancey. 2011. A synopitical classifica-

tion of the Bivalvia (Mollusca). Paleontological Contri-

butions Number 4. Kansas University Paleontological

Institute. The University of Kansas, Lawrence, Kansas.

October 27, 201 1, 47 pp.

Clark, T.W., PJ.W Gore, and M.E. Watson. 2001. Deposi-

tional and structural framework of the Deep River

Triassic basin. North Carolina. In: Hoffman, C.W. (ed.)

Fiftieth Annual Meeting Southeastern Section Geologi-

cal Society of America, April 2001, Field Trip Guide-

book, pp. 27—50.

Deenen, M.H.L., M. Ruhl, N.R. Bonis, W. Krijgsman, W. M.

Kuerschner, M. Reitsma, and M.J. van Bergen. 2010.

A new chronology for the end-Triassic mass extinction.

Earth and Planetary Science Letters 291: 113-125.

Emerson, B. K. 1900. A new bivalve from the Connecticut

River Trias. American Journal of Science (series 4) 10: 58.

Giribet, G. and W. Wheeler. 2002. On bivalve phylogeny:

a high-level analysis of the Bivalvia (Mollusca) based on

combined moqrhology and DNA sequence data. Inver-

tebrate Biology 121: 271-324.

Good, S.C. 1995a. Mollusean paleoeeological associations

of the Newark Supergroup basins as paleoenviron-

mental indicators. 1995 Geological Society of America,

Abstracts with Programs, Northeastern Section, page 49

(No. 19567).

Good, S.C. 1995b. Taxonomic position of small bivalves from

the Newark Supergroup: a unionid dwarf and a non-

marine myalinid. 1995 Geological Society of America,

Abstracts with Programs, Northeastern Section, page 49

(No. 19566).

Good. S.C. 1998. Freshwater bivalve fauna of the Late Triassic

(Carnian-Norian) Chinle, Dockum, and Delores Forma-

tions of the Southwest United States. In: P.A. Johnston

and J.W. Haggart (eds.) Bivalves: an eon of evolution -

paleobiological studies honoring Norman D. Newell.

University of Calgary Press, Calgary, pp. 223-249.

Haas, F. 1969. Superfamily Unionacea. In: R.C. Moore (editor).

Treatise on Invertebrate Paleontology. Geological Society of

America and the University of Kansas, Part N, Volume 1

[of 3], Mollusca 6. Bivalvia, pp. N411-N470.
Hallam, A. 2002. How catastrophic was the end-Triassic mass

extinction. Lethaia 35: 147-157.



A. E. Bogan and P. G. Weaver, 2012 Page 111

Hartman, J.H. and A.E. Bogan. 2009, Deep time, geologic

events, and paleobiogeographic distance: when is the

application of extant genera to fossil continental mollus-

can species pointless? In: Allmon, W. D., Mikkelsen,

P. M., Cronin, K, American Malacological Society: Ithaca,

Paleontological Research Institution Special Publication

37, p. 13.

Henderson,
J.

1935. Fossil non-marine Mollusca of North

America. Geological Society' of America, Special Papers

Number 3. P. vii, 1-313.

Hitchcock, E. 1865. Supplement to the Iehnology of New
England. A report to the Government of Massachusetts,

in 1863. Wright & Potter, State Printers, No. 4 Spring

Lane, Boston, 96 pp., 20 plates.

Iloeh, W.R., M.B. Black, R. Gustafson, A.E. Bogan, R. A. Lutz,

and R.C. Vrijenhoek. 1998. Testing alternative hypotheses

of Neotrigonia ( Bivalvia: Trigonioida) Phylogenetic rela-

tionships using Cytochrome C Oxidase Subunit 1 DNA
sequences. Malaeologia 40: 267-278.

Hoeh, W.R., A.E. Bogan, and W.H. Heard. 2001. A phylo-

genetic perspective on the evolution of morphological

and reproductive characteristics in the Unionoida. In:

G. Bauer and K. Wachtler (eds.) "Ecology and Evolu-

tionary Biology of Freshwater Mussels, Unionoida” Eco-

logical Studies Vol. 145. Springer Verlag, pp. 257-280.

Hoffman, C.W. and PE. Gallagher. 1989, Geology of the

Southeast Durham and Southwest Durham 7.5 minute

Quadrangles, North Carolina: North Carolina Geological

Survey Bulletin 92, 34 pp., 1:50, 000-scale maps.

Keen, M. 1969 Family Pisidiidae Gray, 1857. In: R.C. Moore
(editor). Treatise on Invertebrate Paleontology. Geological

Society of America and the University of Kansas, Part N,

Volume 2 [of 3], Mollusca 6. Bivalvia, pp. N669-670.

Kozur, H.W. and R.E. Weems. 2007. Upper Triassie

conehostracan biostratigraphy of the continental rift basins

of eastern North America: it’s importance for correlating

Newark Supergroup events with the Germanic Basin

and international geologic time-scale. In: S.G. Lucas and

[.A. Spielmann (editors). The Global Triassie. New Mexico

Museum of Natural History and Science Bulletin 41,

pp. 137-188.

Lesley, |.P. 1890. A dictionary of the fossils of Pennsylvania and

neighboring states named in the reports and catalogues

of the survey. Pennsylvania Geological Survey Report P4,

volume 3.

Lucas, S.G., A. B. Heckert, and P. Huber. 1998. Aetosaums
(Archosauromorpha) from the Upper Triassie of the

Newark Supergroup eastern United States, and its bio-

chronological significance: Palaeontology 41: 1215-1230.

Lull. R.S. 1915. Triassie life of the Connecticut Valley. State

Geological and Natural History Survey of Connecticut.

Bulletin 24: 1-285.

Lull, R.S. 1917. The Triassie fauna and flora of the Connecticut

Valley. U.S. Geological Survey Bulletin 597: 105-127.

Luttrel, G.W. 1989. Stratigraphic nomenclature of the Newark
Supergroup of eastern North America: U.S. Geological

Survey Bulletin 1572: 1—136.

Mackie, G.L. 2007. Biology of freshwater Corbiculid and

Sphaeriid clams of North America. Ohio Biological Survey

Bulletin new Series 15(3): 1-436.

North Carolina Geological Survey, 1985, Geologic map of

North Carolina: Department of Natural Resources and

Community Development, scale 1:500,000.

Olsen, PE. 1977. Stop 1 -Triangle Brick Quarry. In: G.L. Bain

and B.W. Harvey (eds.) Field Guide to the Geology of

the Durham Triassie Basin, Raleigh: Carolina Geological

Society, pp. 59-60.

Olsen, P. E. 1978. On the use of the term Newark for Triassie

and Early Jurassic rocks in eastern North America: News-
letters on Stratigraphy 7(2): 90-95.

Olsen, P. E., A.
J.

Froelich. D.L. Daniels, J.P. Smoot, and

P.J.W. Gore. 1991. Rift Basins of Early Mesozoic Age.

In: Horton, W, ed., Geology of the Carolinas, University

of Tennessee Press, Knoxville, pp. 142-170.

Olsen, P. E. and P. Huber. 1997. Field trip stop 3-Triangle Brick

Quarry: In: Clark, T.W. (ed.) TRIBE Triassie Basin Initia-

tive: Abstracts with Programs and Field Trip Guidebook:

Duke University, March 21-23, 1997, Field trip Guide-

book, pp. 22-29.

Olsen, P.E., R.W. Schlische, and P.J.W. Gore 1989. Field

Guide to the tectonics, stratigraphy, sedimentology, and

paleontology of the Newark Supergroup, eastern North

America. International Geological Congress, Guidebooks

for Field Trips T351, 174 pp.

Olseu, P.E., N IL Shubin, and M.H. Anders. 1987. New
Early Jurassic Tetrapod Assemblages Constrain Triassic-

Jurassie Tetrapod Extinction Event. Science New Series,

Vol. 237(4818): 1025-1029.

Ortmann, A.E. 1912. Notes upon the families and genera of the

najades. Annals of the Carnegie Museum 8(2): 222-365,

plates 18—20.

Pally,
J. J.K. Mortensen, E.S. Carter, PL. Smith, R.M. Friedman

and 1 1. W. Tipper. 2000. Timing the end-Triassic mass extinc-

tion: first on land, then in the sea? Geology 28: 39-42.

Parker, J.M. 3" 1

. 1966. Triassie reptilian fossil from Wake
County, North Carolina: Elisha Mitchell Science Society

Journal 82(2): 92.

Parodiz, J.J. 1969. The Tertiary non-marine Mollusca of

South America. Annals of Carnegie Museum, Pittsburgh,

PA 40: 1-242.

Pilsbry. II. A. 1921. Mollusks. In: H.E. Wanner. Some faunal

remains from the Trias of York County, Pennsylvania. Pro-

ceedings of the Academy of Natural Sciences 73: 30-37.

Pilsbry, H.A. 1926. Mollusca, Figures 3,4. In: H.E. Wanner.

Some additional faunal remains from the Trias of York

County, Pennsylvania. Proceedings of the Academy of

Natural Sciences 78: 21-28, figures 1-4, plate 3.

Prashad, B. 1931. Somenoteworthy examples of parallel evolu-

tion in the molluscan faunas of south-eastern Asia and

South America. Proceedings of the Royal Society of

Edinburgh 51[part 1, no. 8]: 42—53.

Richards, H.G. 1944. Fossil mollusks from the Triassie of

Pennsylvania. Proceedings of the Pennsylvania Academy
of Science 18: 69-72.

Say, T. 1829. Descriptions of some new terrestrial and fluvia-

tile shells of North America. The Disseminator of Useful

Knowledge; containing hints to the youth of the United

States, from the School of Industry, NewHarmony, Indiana

2(19):29 1-293, 23 September 1829; 2(20):308-310, 7 Octo-

ber 1829; 2(21):323-325, 21 October 1829; 2(22):339-341,

4 November 1829; 2(23):355-356, 18 November 1829.

Soot-Ryen, T. 1969. Superfamily Mytilacea Rafinesque,

1815. In: R.C. Moore (editor). Treatise on Invertebrate

Paleontology. Geological Society of America and the

University of Kansas, Part N, Volume 1 [of 3]. Mollusca 6.

Bivalvia, pp. N271-N280.
Starobogatov, Ya.I. 1970. Fauna mollyuskov i zoogeogra-

phieheskoe raionirovanie kontinental’nykh vodoemov
zemnogo shara [Mollusk fauna and zoogeograph ical par-

titioning of continental water reservoirs of the world].



Page 112 THE NAUTILUS, Vol. 126, No. 3

Akademiya Nauk SSSR. Zoologischeskii Instituti Nauka,

Leningrad, 372 pp., 39 figures, 12 tables [in Russian].

Sues, H.D., RE. Olsen, J.G. Carter, and D M. Scott. 2003a, A
new crocodylomorph archosaur from the Upper Triassie

of North Carolina: Journal of Vertebrate Paleontology

23: 329-343.

Sues. II. D., P.E. Olsen, J.G. Carter, S. Novak, and K. Peyer.

2003b. Life and death in the Late Triassie: An extraordi-

nary tetrapod assemblage from the Newark Supergroup

of North Carolina. Journal of Vertebrate Paleontology,

23 supplement to no. 3, pp. 102A.

Tanner, L IE, S.G. Lucas, and M.G. Chapman. 2004. Assessing

the record and causes of Late Triassie extinctions. Earth

Science Reviews 65: 103-139.

Taylor, J.D., S.T. Williams, E.A. Glover, and P. Dyal. 2007.

A molecular phylogeny of the heterodont bivalves

(Mollusca: Bivalvia: Heterodonta): new analyses of 18S

and 28S rRNA genes. Zoologica Scripta 36: 587-606.

Troxell, E.L. 1914. Unios in the Triassie of Massachusetts.

American Journal of Science (4) 38(227): 460-462.

Watters, G.T. 1994. Form and function of unionoidean shell

sculpture and shape (Bivalvia). American Malacological

Bulletin 11: 1-20.

Watters, G.T. 2001. The evolution of the Unionacea in North

America, and its implications for the Worldwide fauna.

In: G. Bauer and K. Wachtler (eds.) Ecology and Evolu-

tion of the Freshwater Mussels Unionoida. Ecological

Studies, v. 145. Springer- Verlag, Berlin, pp. 281-307.

Weir,
J.

1969. Nonmarine and brackish-water Myalinidae.

In: R.C. Moore (editor). Treatise on Invertebrate Paleon-

tology. Geological Society of America and the University

of Kansas, Part N, Volume 1 [of 3], Mollusca 6. Bivalvia,

pp. N29 1-295.

White, C. A. 1907. The ancestral origin of the North American

Unionidae, or fresh-water mussels. Smithsonian Miscella-

neous Collections 48: 75-88, plates 26-31.


